Hall Element with Segmented Field Plate 



Field of the Invention 
[0001] The present invention relates to Hall elements, and in particular to a 

Hall element with a segmented field plate. 

Background of the Invention 
[0002] The Hall effect occurs when a conductor carrying current is placed in 

a magnetic field. A voltage is generated according to the cross product of the field 
and flow of current. Sensors operating on the Hall effect can be modeled like a 
Wheatstone bridge. In a typical Hall element design, a conductive field plate is 
affixed to the conductor over an insulating layer. The field plate has a static bias 
applied to control localized surface-charge-induced offsets. 

Summary of the Invention 
[0003] A Hall element is provided with a segmented field plate. Dynamic 

bias control is applied to the field plates. In one embodiment, a feedback signal is 
derived from an amplified output of the Hall element. The feedback signal is 
applied to the segments of the field plate in order to control sheet conductivity in 
specific localized areas. 

[0004] In one embodiment, a superimposed analog of the Hall-effect 

magnetic response is provided by unbalancing the conductance of the Hall element 
acting as a Wheatstone bridge. In one embodiment, the segments of the field plate 
comprise two field plates, each covering two diagonally adjacent quadrants of the 
Hall element. In a further embodiment, a metal field plate is split into four 
segments along lines between bias and sense contacts of the Hall element. 
Opposing diagonal segments are electrically connected. 



Docket No. H0006149 



1 



256.206US1 



I 1 

•I < 

Brief Description of the Drawings 
[0005] FIG. 1 is a block schematic diagram of a Hall sensor with a 

segmented field plate according to an embodiment of the invention. 
[0006] FIG. 2 is a block cross section representation of a Hall sensor with a 

segmented field plate according to an embodiment of the invention. 
[0007] FIG. 3 is a top view of a layout of a Hall sensor according to an 

embodiment of the invention. 



Detailed Description of the Invention 



[0008] In the following description, reference is made to the accompanying 

drawings that form a part hereof, and in which is shown by way of illustration 
specific embodiments in which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments may be utilized and 
that structural, logical and electrical changes may be made without departing from 
the scope of the present invention. The following description is, therefore, not to be 
taken in a limited sense, and the scope of the present invention is defined by the 
appended claims. 

[0009] A Hall sensor is shown at 100 in FIG. 1. The Hall sensor 100 

comprises a conductive Hall element 1 10 in a generally square shape. Bias contacts 
1 15 and 120 are coupled to a supply 125 and ground 130 to bias the Hall element 
1 10. Bias contacts are formed at opposite corners of the Hall element to electrically 
couple the Hall element to the supply and ground. Ground 130 serves to sink 
current from the Hall element 110. 

[0010] Sense contacts 135 and 140 are formed on opposite corners of the 

Hall element 110. The sense contacts 135 and 140 are coupled to positive and 
negative inputs 145, 150 of a differential amplifier 155. 
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[001 1] A segmented or partitioned field plate is formed of four segments or 

partitions, 160, 165, 170 and 175. In one embodiment, the segments are 
substantially triangular in shape, with each one formed over a separate quadrant of 
the Hall element 1 10 delineated by lines between the bias and sense contacts. 
Opposing diagonal segments are electrically connected by interconnects 180 and 
185. Two of the segments, 160 and 165, on opposite sides of a line between the bias 
contacts on the voltage source side of the Hall element are coupled to positive 190 
and negative 195 outputs of differential amplifier 155 to provide dynamic feedback 
to the segmented field plate. 

[0012] A cross section representation of the Hall sensor is shown at 200 in 

FIG. 2. A Hall element 240 in one embodiment comprises a thin N-doped epitaxial 
layer 210 and 240 on a P-type substrate 215. An insulating layer 220 formed of 
SiC>2 in one embodiment is on top of the N-type epitaxial layer 210 and 240. The 
field plate is formed of an electrically conductive layer 225 on top of the insulating 
layer 220. In one embodiment, the conductive layer 225 is formed of aluminum. 
The insulating layer is approximately 5000 Angstrom thick in one embodiment, but 
may be thicker or thinner as desired. Thinner layers may provide a stronger field 
effect, having the same result as higher gain amplification by the differential 
amplifier 155 in FIG 1. Amplifier gains are typically in the 200 to 500 range. 
Smaller plate segments, a thicker insulating layer or reduced amplifier gain may 
also be used to decrease sensitivity. 

[0013] Segments of the field plate and electrical interconnections are 

isolated from each other by selectively removing areas of the electrically conductive 
layer 225. The Hall element 240 is defined within the N-type epitaxial layer 210 
and 240 by P-doped areas 230 extending down into the N-type epitaxial layer 
toward the P type substrate 215. In one embodiment, the P-doped isolation regions 
extend into the P-type substrate 215 a distance sufficient to isolate the Hall element 
240 from the other N-type epitaxial regions 210. Other means of isolating the 
segments may be provided. In one embodiment, ohmic contacts to the Hall element 
240 are provided by heavily N-doped regions 235. Regions of the conductive layer 
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225 comprising electrical interconnections have conductive paths formed by 
openings in the insulating layer 220 to the Hall element contacts 235 and isolation 
regions 230. 

[0014] The Hall element normally has an N-type accumulation layer on its 

surface due to the Qss in the surface oxide. The segments of the metal field plate 
are on top of this surface oxide layer. The structure can be modeled as a 
Wheatstone bridge comprised of N-channel, depletion mode MOSFETs wherein the 
segments of the metal field plate act as the MOSFET gates. Changing the bias on 
the segments of the metal field plate changes the thickness of the surface 
accumulation layer, producing a change in the sheet conductivity of the N-type 
silicon. The quadrants of the Hall element representing the resistive branches of a 
Wheatstone bridge are modulated by the voltage potentials applied to the segments 
of the field plate. The diagonal segments of the field plate are driven differentially 
by an amplified version of the Hall voltage with such polarity as to achieve positive 
reinforcement between the Hall voltage and the superimposed field-induced voltage. 
The amount of positive feedback is controlled by the differential gain between the 
Hall sense terminals and the field plates. For small differential gain, the magnetic 
responsivity is increased. When the product of the differential amplifier gain and 
differential field-induced voltage transfer ratio is greater than or equal to one, a latch 
will result. 

[0015] In a latching function, hysteresis can be controlled by limiting the 

dynamic range of the differential amplifier outputs. 

[0016] To avoid oscillation, the differential amplifier driving the segments 

of the field plate should have the form of an analog integrator. In this way the 
infinite gain condition produces a pole at the origin and no instability results. The 
resulting circuit will change smoothly from a high-gain condition to a latch without 
oscillation. 

[0017] The application of positive feedback in this way is not expected to 

change the basic sensitivity of the Hall element because both the noise (offset) and 
magnetic response are amplified equally. However, the positive feedback will result 

Docket No. H0006149 4 256.206US1 



in a significant increase in the magnetic responsivity and for large feedback will 
produce a magnetic latch. 

[0018] A typical layout of a Hall sensor incorporating a segmented field 

plate is shown at 300 in FIG. 3. The numbering in FIG. 3 is consistent with the 
numbering in FIG. 1. Bias contacts 115, 120 of the Hall element are coupled to 
contact pads 305 and 310 by conductors 312 and 315 respectively. Similarly, the 
sense contacts 135, 140 are coupled to sense contact pads 320 and 322 by 
conductors 325 and 328 respectively. Opposing field plate segments 160 and 175 
are coupled to each other by a conductor 335 which serpentines around the outside 
of the layout, and is also coupled to a contact pad 337. 

[0019] Opposing segmented field plates 165 and 170 are electrically coupled 

through a direct connection 340 formed of the same material as the field plates. 
Segments 165 and 170 are also coupled to a contact pad 342 by a conductor 344. In 
one embodiment, the conductors are also formed of the same material as the field 
plate segments. In one embodiment, the Hall sensor is constructed using standard 
integrated circuit processes. Metal interconnect layers are patterned to define 
individual field plates and provide electrical connections to other circuit elements. 
[0020] In various embodiments, the field plates may cover substantially the 

entire Hall element, but should be at least partially electrically isolated from each 
other. In further embodiments, significantly less of the Hall element is covered by 
each of the field plates. In still further embodiments, more than four field plate 
segments may be utilized and electrical connections between them may be 
configured differently in various embodiments. 

Conclusion 

[0021] A field plate for a Hall element is partitioned into a plurality of 

individual plates. Dynamic bias control is applied to the field plates by the use of a 
feedback signal derived from an amplified output of the Hall element. The feedback 
controls sheet conductivity of the Hall element in specific localized areas. In one 
embodiment, a superimposed analog of the Hall-effect magnetic response is 
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provided by unbalancing the conductance of the Hall element acting like a 
Wheatstone bridge. Under conditions of low-level positive feedback, overall 
magnetic sensitivity is enhanced and linearity is maintained. Beyond a critical level, 
positive feedback produces a latching function with hysteresis. To reset the latch, a 
strong reverse magnetic field may be used. In further embodiments, removing the 
feedback or reversing the polarity of the feedback by using switches is utilized to 
reset the latch. The sense contacts are controllably shorted together in a further 
embodiment to reset the latch. Dynamic bias control may be applied to sensors 
with either analog or digital outputs. High gain amplification and Schmitt trigger 
functions may be implemented using fewer circuit elements. 
[0022] In one embodiment, negative feedback to the field plates may be 

used to improve linearity of the amplified response. 
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